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(54) Head tracking system comprising LED with fluorescent coating 



(57) A head tracking system (10) comprises a radi- 
ation emitter (18) and a radiation sensor (16) connected 
to a tracking processor (12). The emitter ( 1 8) has an out- 
put (46) producing radiation with spectral peak in the in- 



frared range 1000nm to 1100nm from a conventional 
LED (40) with a spectral peak in the range 500nm to 
900nm in combination with a layer of photoluminescent 
material (42). 
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Description 

The present invention relates to a Head Tracking 
System (HTS) which can be used in combination with 
Night Vision Goggles (NVGs). In particular, the invention s 
relates to an HTS incorporated in a Helmet Mounted 
Display (HMD) and which uses pulsed LED-based de- 
vices to ensure compatability with NVGs. 

HTSs are used by pilots of aircraft such as fast mil- 
itary aeroplanes and attack helicopters. HTSs are used w 
as part of HMDs to ensure that the HMD displays to the 
pilot the appropriate view for the current position and 
orientation of the pilot's head. 

Some conventional HTSs use pulsed LEDs mount- 
ed on the pilot's helmet and silicon Charge Coupled De- is 
vice (CCD) cameras mounted in the aircraft cockpit to 
determine the position of the pilot's helmet (and there- 
fore the pilot's head). 

As the light from LEDs is reflected from the airframe 
canopy or windscreen, visible LEDs are highly visible to 20 
the pilot and/or copilot, and therefore highly distracting. 
Flashing light from the LEDs is also transmitted through 
the canopy and may affect the covertness of the aircraft 
if visible light is used. For these reasons, the LEDs 
should not emit in the visible region (approximately 25 
400nm to 700nm). 

HTSs are sometimes used in combination with 
NVGs or helmet mounted cameras with image intensi- 
fiers. However NVGs are sensitive to radiation with a 
wavelength up to approximately 1000nm so LEDs that 30 
emit radiation between approximately 7O0nm and 
1000nm cannot be safely used because of the risk' of 
the LEDs interfering with the NVGs. 

Silicon CCD cameras are only sensitive to radiation 
with a wavelength between approximately 400nm and 35 
1 1 0Onm. Therefore, a suitable LED for use with the HTS/ 
NVG combination must have a peak emission between 
approximately TOOOnm and 1100nm and substantially 
no emission below 1000nm. LEDs are available which 
emit at wavelengths in this range but these are expen- 40 
sive and do not have high output powers. 

It is an object of one embodiment of this invention 
to provide an improved HTS which is compatible with 
NVGs. It is an object of one embodiment of this invention 
to provide a small, efficient, fast-switching light source is 
which operates in a narrow bandwidth between 1 0OOnm 
and 1100nm for use with an HTS/NVGs combination. 

According to a first aspect of the present invention 
there is provided a head tracking system for use in com- 
bination with night vision goggles, and comprising: so 

a tracking processor, 
a radiation sensor, 

a radiation emitter, the radiation emitter producing 
at its output infra-red radiation with a spectral peak ss 
at a wavelength greater than approximately 
1000nm, and the radiation emitter comprising: 
an LED emitting with a spectral peak at a first wave- 



length which is less than approximately lOOOnm, 
a photoluminescent material disposed between the 
LED and the output of the radiation emitter, the pho- 
toluminexcent material absorbing radiation at ap- 
proximately the first wavelength and emitting radi- 
ation at a second wavelength which is greater than 
approximately 1000nm and which is detectable by 
the radiation sensor, 

whereby only radiation greater than approximately 
1000nm is output from the radiation emitter. 

The photoluminescent material may be in the form 
of a coating applied to the LED. Conveniently, the coat- 
ing may be applied by dip coating or screen printing 
techniques. Alternatively, the material may be in the 
form of a layer which is spatially separated from the 
LED. 

In one embodiment of the invention a filter is dis- 
posed between the photoluminescent material and the 
output, where the filter absorbs radiation which has a 
wavelength lower than approximately 1 0OOnm to ensure 
that no radiation having a wavelength lower than ap- 
proximately 1 0OOnm is output from the radiation emitter. 

In one embodiment of the invention the second 
wavelength is less than approximately HOOnm. 

According to a second aspect of the present inven- 
tion there is provided a radiation emitting device for use 
with a Head Tracker System, where the radiation emit- 
ting device comprises: 

an LED emitting with a spectral peak at a first wave- 
length which is less than approximately 1000nm, 
a photoluminescent material disposed between the 
LED and an output of the radiation emitter device, 
the photoluminescent material absorbing radiation 
at approximately the first wavelength and emitting 
radiation at a second wavelength which is greater 
than approximately 1000nm, 

whereby only radiation greater than approximately 
1000nm is output from the device. 

In one embodiment of the invention the second 
wavelength is less than approximately 1100nm. 

According to a third aspect of the present invention 
there is provided a method of generating at a device out- 
put infra-red radiation at a wavelength greater than ap- 
proximately 1 0OOnm, such that the devfce is suitable for 
use in a Head Tracking System in combination with 
Night Vision Goggles, and comprising the steps of: 

providing an LED having an emission spectral peak 
at a first wavelength less than approximately 
1000nm, 

disposing a photoluminescent material between the 
LED and the device output, where the material ab- 
sorbs radiation at approximately the first wave- 
length and emits radiation at a second wavelength 
greater than approximately 1000nm, 
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whereby only radiation greater than approximately 
1000nm is output from the device. 

The step of disposing a photoluminescent material 
between the LED and the device output may include the $ 
step of coating the LED with a photoluminescent mate- 
rial. 

The step of disposing a photoluminescent material 
between the LED and the device output may include the 
step of disposing photoluminescent material which 10 
emits radiation in the wavelength range from 1000nm to 
1100nm. 

The method may comprise the further step of dis- 
posing a filter between the material and the output, the 
filter absorbing radiation having a wavelength lower '5 
than approximately 1000nm to ensure that no radiation 
with a wavelength lower than approximately 1000nm is 
emitted by the radiation emitter. 

According to a fourth aspect of the present invention 
there is provided a head tracking system according to 20 
the first aspect of the invention incorporated in a helmet 
mounted display device. 

It will be understood that : in practice, filters cannot 
absorb all radiation greater than a predetermined wave- 
length and pass without attenuation all radiation less 25 
than the predetermined wavelength. It will also be ap- 
preciated that sources such as LEDs emit radiation over 
a wavelength range rather than at a single wavelength. 
Therefore, this description should be interpreted ac- 
cordingly. Where an emission wavelength is given what 30 
is generally intended is the spectral peak of the radia- 
tion. Where a cut-off value for a filter is given, what is 
generally intended is the steepest portion of the trans- 
mission characteristic (transmission versus wave- 
length) for the filter. 3S 

Embodiments of the present invention will now be 
described, by way of example, with reference to the ac- 
companying drawings in which: 

Fig 1 is a block diagram of an improved tracker sys- -to 
tern incorporated in an HMD according to one em- 
bodiment of the present invention; 
Fig 2 is a radiation emitter used in one embodiment 
of the present invention; and 

Fig 3 is a radiation emitter used in another embod- 
iment of the present invention. 

Referring to Fig 1, there is a head tracking system 
(HTS) in combination with an HMD, generally indicated 
by reference numeral 10, of the type commonly used in so 
aircraft cockpits and which is suitable for use with N VGs. 
Conventionally, there are two HTSs 1 0 in an aircraft, one 
for the pilot and the other for the co-pilot. For clarity, the 
following description relates to use by a pilot, although 
an identical system could be used by a co-pilot. ss 

The HTS 10 comprises a tracking processor 12 
which is fixed within the aircraft, a helmet 14 which is 
worn by the pilot, and two radiation sensors 16a,b which 



are fixed in the cockpit of the aircraft and directed to the 
pilot's helmet 14. 

The helmet 1 4 comprises a helmet mounted display 
(HMD) 17, a plurality of radiation emitters 18 disposed 
on the outside of the helmet 14, and a control unit 20 
which controls the radiation emitters 18 and which is al- 
so connected to HMD 17. 

Each radiation emitter 18 (for clarity, only one radi- 
ation emitter 1 8 is shown) comprises a plurality of LEDs, 
as will be described in more detail below. Only one sen- 
sor 1 6a and one emitter 18 is required but the other sen- 
sor 16b and emitters 18 are used to provide a cross 
check of the helmet 14 position and orientation, and to 
ensure that if one sensor "loses" the helmet 1 4 the other 
sensor will still provide the necessary helmet position 
and orientation information. 

The sensors 16a,b are used to detect the radiation 
emitters 18. Each sensor 1 6a, b is a silicon CCD camera 
which is connected to a tracking processor 12. The 
tracking processor 12 receives video images from the 
sensors I6a,b and processes these images to provide 
information on both the angular and linear helmet posi- 
tion. The tracking processor 1 2 is also connected to the 
control unit 20 to enable the processor 1 2 to control the 
emitters 18 and the HMD 17 to send calibration data to 
the tracking processor 12. 

In use, as a pilot who is wearing the helmet 14 
moves his or her head, the position of the radiation emit- 
ters 18 change. The radiation sensors 16a/16b inde- 
pendently detect the position in space of the radiation 
emitters 18 and using this information the tracking proc- 
essor 12 outputs the correct position of the helmet 14 
as a result of which the displayed information on the 
HMD can be corrected from its nominally correct display 
to its actually correct display. Actions consequently ini- 
tiated by the pilot using the display are therefore cor- 
rected for head movement. 

Fig 2 shows a radiation emitter 18 used in one em- 
bodiment of the present invention. The radiation emitter 
18 comprises an LED 40 having a photoluminescent 
coating 42, and a filter 44. The LED 40 is an H3000-L 
(available from Stanley Electric Company, 2-9-13 Nak- 
meguro, Meguro-2KU ; Tokyo, Japan). 

The photoluminescent coating 42 is made of a 
UMPKC60 phosphor available from Phosphor Technol- 
ogy Limited. The coating 42 is applied by dipping the 
LED 40 into the phosphor in liquid form. The phosphor 
coating 42 absorbs radiation from the LED 40 (which 
has a spectral peak at approximately 670nm) and emits 
radiation with spectral peaks at wavelengths of approx- 
imately 670nm, 880nm, 940nm, and 1060nm. The in- 
tensity of these spectral peaks depends on factors such 
as the optical power from the LED 40, the density of the 
phosphor coating 42, the quantum efficiency of the 
phosphor material, and the phosphor grain size. 

The filter 44 is a Nd;YAG laser filter which has a 
transmission of less than 5% for wavelengths lower than 
1 0OOnm and a transmission of more than 50% for wave- 
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lengths greater than 1 040nm. Thus, only that part of the 
emission with a spectral peak at 1 060nm appears at the 
output 46 of the radiation emitter 18. 

Fig 3 shows a modified radiation emitter 50 which 
is used in another embodiment of this invention. The s 
modified emitter 50 uses an LED 52 (H3000-L) in inte- 
grated circuit form which is mounted in a package 54. 
In accordance with the present invention a photolumi- 
nescent layer 56 (a UMPKC60 phosphor) is disposed 
between the LED 52 and the output 46 of the emitter 50. 10 
Additionally a Nd:YAG laser filter 44 is disposed be- 
tween the layer 56 and the output 46. The operation of 
the modified emitter 50 and the emission produced is 
identical to the operation and emission of the emitter 1 8 
It will be apparent that one advantage of this inven- 
tion is that the radiation emitter 18 provides output radi- 
ation which is in the range of 1 0OOnm to 1 1 0Onm. There- 
fore, the emitter 1 8 is compatible with an HTS which us- 
es both NVGs (which are not sensitive to radiation 
above 1000nm) and also silicon CCD cameras 16 
(which are not sensitive to radiation above 1100nm). 

Various modifications may be made to the above 4. 
described embodiments within the scope of the present 
invention. For example, there are many types of LEDs 
that may be used to provide a radiation source : such as 25 
a TLRE180P and a DN305. Similarly other types of pho- 
toluminescent material may be used, such as 5. 
PTIR1010. The important consideration in choosing an 
appropriate combination of LED and photoluminescent 
material is that the radiation emitted by the LED should 30 
be highly absorbed by the photoluminescent material. 6. 
and the photoluminescent material should emit high in- 
tensity radiation in the wavelength range from approxi- 
mately 1000nm to 1100nm. In other embodiments the 
filter may not be a Nd: YAG filter, it may be any material 
which is highly absorptive to radiation below 1000nm 
and weakly absorptive to radiation above 1000nm. The 7. 
filter may be made from multiple layers of thin films de- 
posited onto a substrate or it may be fabricated by ho- 
lographic techniques. The phosphor coating may be ap- 40 
plied by other techniques, for example screen printing. 
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Claims 



A head tracking system for use in combination with 
night vision goggles, and comprising: 

a tracking processor (12), 
a radiation sensor (16), 

a radiation emitter (18), the radiation emitter 
producing at its output (46)infra-red radiation 
with a spectral peak at a wavelength greater 
than approximately 1000nm, and the radiation 
emitter (18) comprising; 

an LED (40)emitting with a spectral peak at a 
first wavelength which is less than approxi- 
mately 1000nm, 
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a photoluminescent material (42) disposed be- 
tween the LED (40) and the output (46) of the 
radiation emitter (18), the photoluminescent 
material absorbing radiation at approximately 
the first wavelength and emitting radiation at a 
second wavelength which is greater than ap- 
proximately 1 0OOnm and which is detectable by 
the radiation sensor (16), 
whereby only radiation greater than approxi- 
mately 1000nm is output from the radiation 
emitter (18). 

A head tracking system as claimed in claim 1, 
wherein the photoluminescent material (42) is in the 
form of a coating applied to the LED (40). 

A head tracking system as claimed in claim 1, 
wherein the photoluminescent material is in the 
form of a layer (56) spatially separated from the LED 
(40, 52). 

A head tracking system as claimed in either preced- 
ing claim, including a filter (44) disposed between 
the photoluminescent material (42, 56) and the out- 
put (46) of the emitter (18). 

A head tracking system as claimed in any preceding 
claim, wherein the second wavelength is less than 
approximately 1100 nm. 

A head tracking system as claimed in any preceding 
claim, wherein the radiation emitter (18) is mounted 
on the exterior of a helmet (14) which incorporates 
a helmet mounted display (17) connected to the 
tracking processor (12). 

A radiation emitting device for use with a Head 
Tracker System, where the radiation emitting de- 
vice (18) comprises: 

an LED (40) emitting with a spectral peak at a 
first wavelength which is less than approxi- 
mately 1000nm, 

a photoluminescent material (42) disposed be- 
tween the LED (40) and an output (46) of the 
radiation emitter device (18), the photolumines- 
cent material absorbing radiation at approxi- 
mately the first wavelength and emitting radia- 
tion at a second wavelength which is greater 
than approximately 1000nm, 
whereby only radiation greater than approxi- 
mately 1000nm is output from the device (18). 

A radiation emitting device as claimed in claim 7, 
wherein the second wavelength is less than approx- 
imately 1100 nm. 
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FIG. 3 
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